Purpose The aims of this study were to quantify the behavioural determinants of health professional reporting of medication errors in the United Arab Emirates (UAE) and to explore any differences between respondents. Methods A cross-sectional survey of patient-facing doctors, nurses and pharmacists within three major hospitals of Abu Dhabi, the UAE. An online questionnaire was developed based on the Theoretical Domains Framework (TDF, a framework of behaviour change theories). Principal component analysis (PCA) was used to identify components and internal reliability determined. Ethical approval was obtained from a UK university and all hospital ethics committees. Results Two hundred and ninety-four responses were received. Questionnaire items clustered into six components of knowledge and skills, feedback and support, action and impact, motivation, effort and emotions. Respondents generally gave positive responses for knowledge and skills, feedback and support and action and impact components. Responses were more neutral for the motivation and effort components. In terms of emotions, the component with the most negative scores, there were significant differences in terms of years registered as health professional (those registered longest most positive, p = 0.002) and age (older most positive, p < 0.001) with no differences for gender and health profession. Conclusion Emotional-related issues are the dominant barrier to reporting and are common to all professions. There is a need to develop, test and implement an intervention to impact health professionals' emotions. Such an intervention should focus on evidence-based behaviour change techniques of reducing negative emotions, focusing on emotional consequences and providing social support. Key messages • This research used the Theoretical Domains Framework to quantify the behavioural determinants of health professional reporting of medication errors.
Introduction
Publication of the seminal and groundbreaking report, 'To Err Is Human: Building a Safer Health System' in 1999 stimulated deeper examination of patient safety research and associated practices [1] . One key strategic recommendation was to identify and learn from medication errors by 'encouraging healthcare organisations and practitioners to develop and participate in voluntary reporting systems'. Effective medication reporting systems and processes are essential in promoting patient safety.
The National Coordinating Council for Medication Error Reporting and Prevention (NCCMERP) in the USA leads national healthcare organisations collaborating and cooperating to address the interdisciplinary causes of errors and to promote the safe use of medication. One goal is to stimulate the 'development and use of reporting and evaluation systems by individual healthcare organisations' [2] . These systems should promote staff engagement; quality, timely and consistent reporting; and feedback to impact organisations and practitioners.
A number of studies have employed a cross-sectional survey methodology to determine aspects of views, attitudes and experiences of health professionals around medication error reporting [3] [4] [5] [6] [7] [8] [9] [10] . Most were conducted in the USA [5, 6, 8] and Australia [4, 7] with one each in the UK [9] , Taiwan [10] and Iran [3] . All were based in hospital; five included nurses only [3-5, 8, 10] ; two were of doctors and nurses [6, 7] and one of doctors, nurses and pharmacists [9] . The number of respondents varied from 43 (16 % response rate) [8] to 1384 (no response rate stated) [4] . Findings focused largely on barriers towards reporting fear of adverse consequences following reporting [3-5, 8, 10] , disagreement over error identification [4, 5, 8] , managerial factors [3, 10] , aspects of knowledge and awareness [7, 9] , lack of feedback [7] and training [6] . One key limitation of all studies is the lack of attention to behavioural theory, which may diminish the value of the findings in the development of interventions to optimise medication error reporting.
The importance of theory as part of intervention development is articulated in the UK Medical Research Council (MRC) guidance on 'Developing and implementing complex interventions' [11] . Theory is a fundamental part of the development (intervention building) phase, '…you also need to be aware of the relevant theory, as this is more likely to result in an effective intervention, than is a purely empirical or pragmatic approach'.
One theoretical framework being used increasingly in intervention-based studies is the Theoretical Domains Framework (TDF). This framework was derived from 33 psychological theories and 128 theoretical constructs which are organised into 14 overarching domains of knowledge; skills; social/professional role and identity; beliefs about capabilities; optimism; beliefs about consequences; reinforcement; intentions; goals; memory, attention and decision processes; environmental context and resources; social influences; emotion; and behavioural regulation [12, 13] . TDF can be used in research to characterise and quantify the domains of behaviour which need to be targeted in any intervention. TDF has been used in the development of interventions related to smoking cessation, physical activity, hand hygiene, acute low back pain and schizophrenia [13] .
A recent qualitative study of 29 health professionals in the United Arab Emirates incorporated TDF into data generation, analysis and interpretation of findings relating to behavioural determinants of medication error reporting. While it appeared that patient safety and organisational improvement goals and intentions were behavioural determinants which facilitated reporting, there were key determinants which deterred reporting. These included the beliefs of the consequences of reporting (lack of any feedback following reporting and impacting professional reputation, relationships and career progression), emotions (fear and worry) and issues related to the environmental context (time taken to report) [14] .
The aims of this study were to extend the qualitative study findings by quantifying the behavioural determinants of health professional reporting of medication errors in the United Arab Emirates (UAE) and to explore any differences between respondents.
Methods

Research design
A cross-sectional survey of health professionals.
Setting
The research was conducted in the three major medical/ surgical hospitals (412, 451 and 461 beds) which provide care for 72.8 % of the Abu Dhabi population, the UAE [15] .
All hospitals within the Health Authority of Abu Dhabi have adopted the NCCMERP definition of medication error, 'any preventable event that may cause or lead to inappropriate medication use or patient harm, while the medication is in the control of the healthcare professional, patient or consumer' [2] . All health professionals are mandated to report all medication errors, including those which have 'been detected and corrected through intervention by another healthcare professional or patient, before actual medication administration' [16] .
Questionnaire development
A draft questionnaire was developed, informed by previous cross-sectional surveys and with reference to the TDF. The Determinants of Implementation Behaviour Questionnaire, with items derived from the TDF, was used as a basis for the development of the individual items, adapted as relevant to medication error reporting [17] . These items were presented as five-point Likert scales (strongly agree to strongly disagree). In addition, demographic items were developed as appropriate to health professionals in the UAE. The draft questionnaire was reviewed for face and content validity by a panel of five experts in medication error reporting practice and related research in the UK and the UAE.
The pilot version of the questionnaire was formatted in Snap 10 Professional® (software for web and email questionnaire design, publication, data entry and analysis). A participant information leaflet was developed to provide information on study purpose, selection of participants, benefits of taking part, estimated duration to complete and providing assurances of confidentiality and anonymity. The pilot was conducted in the three study hospitals in Abu Dhabi, with a convenience sample of 9 doctors, 10 nurses and 10 pharmacists. Findings indicated that no amendments to the questionnaire were necessary as the questions were clear, not too difficult, taking around 20 min to answer. Pilot response was not included in the study dataset.
Recruitment
All patient-facing doctors, nurses and pharmacists working within the three study hospitals were included in the study, with no exclusions. While the hospitals were unable to provide specific numbers of those with patient-facing roles, the total number of doctors, nurses and pharmacists was estimated to be around 5000. A response from 370 was required to give a margin of error of 5 % and confidence intervals of 95 % [18] . Data collection took place from June to September 2014. Email invitations were sent by the human resources departments in each hospital to all doctors, nurses and pharmacists. The email contained a link to the participant information leaflet and questionnaire, with respondents submitting the questionnaire electronically.
Data analysis
The survey instrument generated anonymised emails of online submissions which were imported into Snap before direct export to SPSS version 21.0 and cleaned prior to analysis.
Descriptive statistics were used to describe respondent demographics and their responses. Questionnaire items were subjected to principal component analysis (PCA). PCA is a statistical procedure that uses varimax rotation to convert a set of observations of possibly correlated variables into a set of values of linearly interrelated variables termed components (or factors). The number of components to be retained was decided based on the Kaiser criterion (generally taken as eigenvalues greater than 1), visual inspection of the scree plot (first point that starts the flat line trend) and meaningfulness of the results according to the theoretical framework [19, 20] . The analysis included items that were not freestanding, cross-loading or decreasing the scale's internal reliability and that displayed acceptable communalities, with factor pattern/structure coefficients above 0.4 [19] . In performing PCA, the Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy and the Bartlett's test of sphericity were used to assess the suitability of the sample for PCA [19] . Following PCA, internal reliability analysis was performed by determining the Cronbach's coefficient alpha for each component identified. Nunnally suggests a minimum level of 0.7 for the component scale to be considered reliable [21] . Total component scores were obtained by assigning scores of 1 (strongly agree) to 5 (strongly disagree) to each of the Likert statement responses, with negatively worded items being reverse scored. Mann-Whitney U test was used to explore any relationship between demographic variables (health profession, gender, age and years of experience) and component scores. p values ≤0.05 were considered statistically significant.
Governance
The study was approved by the ethical review panel of a university in the UK and the ethics committee of each participating hospital in the UAE.
Results
Two hundred and ninety-four responses were received over the study period. Respondent demographics are given in Table 1 . Just over half were nurses (53.1 %) and female (59.5 %); almost two thirds were 35 years of age and above (63.7 %) and had been registered as health professionals for over 10 years (65.9 %).
The appropriateness of PCA was confirmed by the number of responses exceeded 150 and also five times the number of the questionnaire items; the Kaiser-Meyer-Olkin measure of sampling adequacy (0.884) and Bartlett's test of sphericity (significance <0.001) confirmed the factorability of the items, and the correlation matrix scores were all greater than 0.3. Figure 1 gives the scree plot obtained. Thirteen components with eigenvalue of greater than 1.0 explained 72 % of the variance. As many of the components had only a very small number of items loading, only those with more than six items loading were retained (eigenvalues ≥1.9), explaining 57 % of the variance. Internal reliability values (Cronbach's alpha) were calculated for each of the six components, aiming for values over 0.7, with all negatively worded items reversed. Tables 2, 3 
Component 4, motivation related item responses
The minimum possible value for the scale is 8 (representing most positive responses), and the maximum possible value for the scale is 40 (representing least positive responses) and a midscale point of 24. With a median value of 21 and IQR of 18-23, respondents gave more neutral responses. Neutral responses were given particularly in terms of work colleagues thinking less of them for reporting errors committed either by themselves or others. While responses were neutral, there were significant differences in component scores in terms of gender (females most positive, p = 0.026), years registered as health professional (those registered longest most positive, p = 0.002) and age (older most positive, p = 0.004). It should, however, be noted that the internal reliability of this component was relatively poor.
Component 5, effort related item responses
The minimum possible value for the scale is 5 (representing most positive responses), and the maximum possible value for the scale is 25 (representing least positive responses) and a midscale point of 15. With a median value of 11.5 and IQR of 10-14, respondents generally gave positive responses. Less positive responses were given in relation to error reporting taking little time and effort. While responses were positive, there were significant differences in component scores in terms of gender (females most positive, p = 0.017), years registered as health professional (those registered longest most positive, p < 0.001) and age (youngest most positive, p = 0.012).
Component 6, emotions item responses
All statements in component 6 were reversed in score; therefore, the minimum score (6) represents the disagreement of participants to all statement, and the maximum score (30) present the agreement of all participant in the Concerns were also expressed about naming the patient and health professional as part of the error report. While responses were general negative, there were significant differences in component scores in terms of years registered as health professional (those registered longest most positive, p = 0.002) and age (older most positive, p < 0.001). 
Discussion
Main findings
Questionnaire items clustered into six components of knowledge and skills, feedback and support, action and impact, motivation, effort and emotions. Respondents generally gave positive responses in terms of knowledge and skills, feedback and support, action and impact related components.
Responses were more neutral for the motivation related component and the effort related component, while respondents generally gave negative responses for the emotions component. Comparison of component scores across professions, genders, years of professional experience and age identified that, in general, nurses, females, those with greater experience and being older were more likely to be positive in their responses. In terms of emotions, the component with the lower scores, those older respondents with greater experience gave more positive responses.
Strengths and weaknesses
The theoretical underpinning is a key strength of this study. There are, however, a number of weaknesses; hence, the results should be interpreted with caution. While the total number of patient-facing doctors, nurses and pharmacists in the study hospitals was unknown hence a precise response rate could not be calculated, the number of responses was low. Several factors may have contributed to the low response. The email invitation was not sent by the research team hence may not have been received by all doctors, nurses and pharmacists. Medication error reporting is a sensitive area; hence, the nature of the study may have deterred participation. This may be reflected in the survey results which identified emotional issues being barriers to reporting. Biases around recruitment and response may therefore have impacted the findings. Ideally, the demographics of the respondents and nonrespondents would have been compared, but this was not possible due to the absence of any information on the non- Interquartile rate [12] [13] [14] [15] [16] [17] [18] [19] [20] respondents. There may have been social desirability bias, particularly in relation to specific components (e.g. knowledge and skills related). A further weakness is that the results are all based on self-reported data which could not be validated. Then internal reliability of component 4 was poor impacting the interpretation of the findings. Additionally, the study was carried out in three tertiary hospitals in Abu Dhabi; hence, the findings may not be generalisable to the UAE, the Middle East or beyond.
Interpretation of findings
This study was the quantitative element of a mixed methods (qualitative, quantitative) study and as such extends the knowledge base beyond the qualitative findings of themes of beliefs of the consequences of reporting, emotional issues and social influences being barriers to reporting [14] . The survey results have allowed quantification of the behavioural determinants and comparison amongst respondents, which when Cronbach's alpha 0.751 Median 11.5
Interquartile rate [10] [11] [12] [13] [14] considered alongside the qualitative findings will facilitate the development of a theoretically informed intervention to enhance reporting.
The most negative responses were given in relation to the items within the emotions component, with particularly negative responses given in relation to the potential impact of error reporting on reprimand, career progression. While several others have also noted fear of reporting for various reasons [3] [4] [5] 8] , this is the first study which has used behaviour theories and also quantified scores. Interestingly, the only significant differences in scores were in terms of years of registration (greater experience most positive) and age (older most positive) but with no differences in terms of gender or profession. Interventions to modify emotions should be prioritised in an effort to enhance reporting and be targeted at all professions, particularly the younger and less experienced.
While component scores within the components of motivation and effort were generally neutral, there were negative responses to items relating to colleagues and peers thinking less of those reporting errors and also the time and effort to complete and submit a report. These findings are similar to previously reported cross-sectional surveys [4, 8, 10] . In this study, there were significant difference scores in terms of gender (females most positive) and years of experience (greater experience most positive).
The responses for the three remaining components of knowledge and skills, feedback and support and action and impact were generally positive. While there were significant differences in component scores, largely between gender and years of experience, these are less important given the overall positive responses.
It therefore appears that the key barrier to medication error reporting identified in this study relates to the behavioural determinant of emotions. Multimodal interventions may be required to promote behavioural change, particularly in areas such as emotions, a complex process that takes place over time at individual, population and organisational levels. Evans et al. reported the evaluation of an intervention aimed at improving voluntary incident reporting in hospitals [22] . The intervention comprised providing intense education, a range of reporting options, changes in report management and enhanced feedback. While results demonstrated significant improvement in reporting rates in certain hospital areas, there was considerable variation.
Any intervention developed and implemented with the aim of enhancing medication error reporting would be classed as a 'complex intervention'. These are defined by the UK MRC as 'interventions with several interacting components' [11] . Behaviour change interventions can be defined as 'coordinated sets of activities designed to change specified behaviour patterns'. These are often complex, consisting of many interacting components known as 'behaviour change techniques' (BCTs), 'observable and replicable components designed to change behaviour' [23] .
Michie et al. reported recently a Delphi-type consensus exercise aiming to develop a cross-disciplinary taxonomy of evidence-based BCTs [24] , which were then mapped to specific TDF domains [25] . There are three BCTs which could form part of an intervention to impact emotions: Development of such an intervention will require commitment at all levels throughout the organisation. This is consistent with operating within a positive safety culture. Such organisations are characterised by communications founded on mutual trust, by shared perceptions of the importance of safety and by confidence in the efficacy of preventive measure [26] . Mutual trust and confidence are keys within this definition, and the findings of this study demonstrate that much work is required to promote a safety culture in relation to medication error reporting.
Further research
There is need for further research in terms of developing and evaluating an intervention to tackle the emotional issues around medication error reporting. This should follow the phases of the MRC guidance in terms of intervention development, feasibility and pilot testing, implementation and evaluation.
Conclusion
This research has extended the knowledge base around the specific behavioural determinants which appear to impact medication error reporting. Emotional aspects are the dominant barrier to reporting and are common to all professions. There is a need to develop, test and implement an intervention to impact health professionals' emotions. Such an intervention should focus on evidence-based BCTs of reducing negative emotions, focusing on emotional consequences and providing social support.
